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CFD CODE SURVEY FOR THRUST CHAMBER APPLICATION 

Klaus W. Gross 



NASA Marshall Space Flight Center 
Huntsville, AL 

ABSTRACT 

In the quest to find analytical reference codes, responses from a 
questionnaire are presented which portray the current CFD program status and 
capability at various organizations, characterizing liquid rocket thrust chamber 
flow fields. Sample cases are identified to examine the ability, operational 
condition, and accuracy of the codes. To select the best suited programs for 
accelerated further improvements, evaluation criteria are being proposed. 

INTRODUCTION 

Numerous CFD programs have been developed which characterize liquid rocket 
thrust chamber flow fields and predict the associated performance. In the past a 
similar situation existed, leading to a competitive selection process, from which 
the well known two-dimensional kinetics (TDK) program and several boundary layer 
codes resulted. These programs were identified as reference programs and still 
serve in this capacity today. The CFD calculation procedures have not only matched 
this capability but already provide limited flow process characterizations which 
exceed the existing recommended methods. A selection of one or several of the 
best suited programs is of advantage to accelerate the simulation of specific 
physical mechanisms, where little or no capability exists. Limited funding 
resources can then be concentrated on these few chosen program candidates. 

As indicated at the JANNAF Combustion Meeting at the Marshall Space Flight 
Center (MSFC) in 1988, a questionnaire was prepared and distributed to the 
propulsion community with a subsequent good response. A listing of the respondina 
organizations is included in the appendix. 

The furnished material has been used to construct a matrix which provides an 
overview of the operational CFD programs, their physical simulation capabilities, 
numerical solution techniques, and documentation, to name only a few categories. 

In addition to the collected program information, some sample cases are 
identified which shall be executed by the codes to demonstrate the algorithm 
maturity and accuracy, and its application to combustion chamber and nozzle flows. 

Of consequence are the presented criteria below, which may be used in the 
selection process for the most qualified CFD codes. This is projected to occur 
during the 1992/93 time frame. The parties planning to participate in the 
development of a reference program are requested to review the proposed selection 
approach and provide their comments, critique, or consent. 

OBJECTIVE 

The presented material should inform the propulsion community of the various 
existing CFD computer program capabilities and their operational status. This is 
the first step in a process leading eventually to the selection of the most 
advanced code(s) for the prediction of thrust chamber flow fields and the 
associated performance. Exposure of the programs to particular sample cases and 
a final test, with unknown results to the program operators, will be further 
milestones during this process. The identified sample cases and the proposed 
program evaluation criteria should be reviewed by the parties involved. 
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QUESTIONNAIRE RESULTS 


The overall response to a questionnaire, which I prepared and distributed in 
the beginning of 1989, was very satisfactory, but extended over a long time 
period. Therefore, an update of the original information was initiated in 
September 1990 to include the most recent advances of the programs in question. 
The important information has been organized down to a very detailed level, and 
the results are presented in Table 1. It shall be noted that only problems related 
to the operation of liquid rocket thrust chambers, composed of the combustion 
chamber and the nozzle, are of concern here. 

The key topics in Table 1 address the foundation of the code, followed by the 
physical process simulation capability, and the numerical solution methods used. 
The categories thereafter reflect primarily the validation status of the code, 
experience and success with specific problems, ease of preparing a case, and 
supporting elements to evaluate and display the results. Finally, information with 
regard to the program documentation, code availability, and computer oriented 
questions is displayed. The abbreviations shown in the columns represent abridged 
forms of the actual terminology which can be interpreted without difficulty by the 
readers who are somewhat familiar with the subject. Assistance in this matter can 
be found in Table 2. 

From the survey it is evident that the CFD codes have achieved already a high 
level of physical process simulation; however, the advanced models are scattered 
in the matrix of Table 1. Examples of such advanced techniques refer to turbulence 
modeling via large eddies, spectral method discretization, jet breakup 
calculation, and droplet interaction in the spray regime. It is anticipated that 
the presented information will motivate the program developers to equip their 
codes with the latest methods. 


BENCHMARK TESTING 

It is the responsibility of every CFD code developer to expose his program 
to the most commonly known simple benchmark tests and prove that the program works 
for the basic flow simulation and the physical model features. Under basic 
features the treatment of incompressible, compressible, inviscid, laminar, low to 
high Mach number, shock capturing, two-dimensional, three-dimensional, steady 
state, time dependent, and geometry or grid dependent flows is normally 
recognized, while the simulation of turbulence, atomization, two-phase spray, 
vaporization, multi-species with chemical reactions, and heat transfer refers to 
the physical modeling. 

SAMPLE CASES 

To examine the program capability, maturity, and accuracy with respect to a 
thrust chamber flow simulation, the execution of sample cases shown in Table 3 is 
recommended. These sample cases are related to the basic flow conditions in a 
combustion chamber and nozzle, but also reflect situations which have been 
experienced in the past and which are of utmost importance. Attention is focused 
on the injector region, where flows from different injection elements produce a 
spray, sometimes with intentional stream striation arrangements for performance 
optimization and hardware protection. The flow pattern adjacent to the wall 
contour is another important domain in which turbulence dominates the viscous 
behavior and the heat transfer process. Based on the engine operation cycle, such 
as a regeneratively cooled concept or an expander cycle approach, the wall design 
and the near wall flow conditions serve different functions and are very different 
indeed. Thrust chamber flow start and shut-down, which are feed system driven, as 
well as the nozzle exhaust flow, interacting with the ambient air, are highly 
important conditions which need to be firmly comprehended. 

To start this project, it is planned to form a group of experts frota the 
government and industry shortly, which will provide explicit details for the 
uniform treatment of recommended sample cases. Initial and boundary conditions, 
basic and physical flow features, and recommended grids to run these cases will 
be specified. The format of the results for individual parameter, tabular, and 
graphic presentation will be identified also. Program solutions will be collected 
and compared with available measurements or other recognized data. The 
organizations which continue to advance their CFD programs are encouraged to 
participate in this activity. 
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CFD CAPABILITY GOAL 


Ultimately, the requirements for a comprehensive CFD program, simulating the 
flow motion in a thrust chamber, must include the characterization of bi- 
propellants and two-phase flow undergoing liquid jet atomization, vaporization, 
propellant mixing, chemical reaction, flow expansion from low to high Mach 
numbers, viscous effects, and heat transfer processes. Steady-state and transient 
flow modeling for three-dimensional flows are mandatory. In the fluid spray regime 
the interaction between neighboring droplets must be simulated, especially for 
conditions below and above the critical point. Nozzle flow interaction with the 
ambient air during captive testing and during flight from the launch site to 
vacuum conditions in orbit is also imperative. 

At this time, the developed computer programs use specific assumptions to 
overcome the deficiencies in the previously quoted areas of physical process 
descriptions more or less successfully. Experimental research programs and 
associated modeling activities are constantly underway to eliminate these 
shortcomings gradually. However, the new formulations are frequently 'hardwired' 
into the codes, and a transfer to other programs for technology sharing is rather 
difficult. To exchange advanced techniques quickly and efficiently, the new 
routines should be structured in modules with clearly identified interface 
parameters. Such an approach offers a special advantage when specific techniques, 
numerical or physical, need to be examined for their efficiency and accuracy. 
Using standard parameter nomenclature will definitely be effective. 

Since some domains in a thrust chamber flow field require simulation with 
extensive details of the physical processes, while other areas are much simpler 
in character and can be described with less effort, a decoupling of the entire 
flow field at beneficial interfaces may offer an advantage and should be explored. 
One such interface could be at a place in the combustion chamber where the spray 
flow terminates and the expansion process starts. Here, the particular information 
of the entire injection process, which has been obtained from a detailed CFD 
solution, may be transferred to a subsequent quick and efficient CFD analysis. 
Certainly, a fully coupled solution is the goal; however, the provision of an 
interface, from a position of problem complexity and current computer limitations 
in core and execution time, should not be disregarded. 

SELECTION CRITERIA 

The selection of one or several CFD programs to serve as reference codes is 
of paramount importance and must be conducted fairly. Subsequently, rules and 
guidelines are presented for review by the propulsion community. Additional topics 
with weighing factors, ranging from 1 to 10 (highest), are welcome. A panel of 
government experts only, acceptable to the propulsion community, will collect all 
verbal and written comments and formulate the decisive selection criteria. The 
final ranking procedure of the topics will not be disclosed. Every organization 
can participate in this competition and will be subject to the following 
recommended criteria: 

• A government person with a competing CFD program cannot serve on this panel. 

• The selected codes and documentation must be available unconditionally. 

• The candidate program must execute specific test cases which will be 
announced by the panel in the future. 

• Program application strength to thrust chamber flows will be evaluated, 
t Solution accuracy will be assessed. 

• Specific simulation features will be appraised. 

• User friendliness will be studied. 

• Validation status will be reviewed, based on benchmark and sample cases. 

• Code competence will be assessed with respect to documented. problem results. 

• Quality of the program documentation will be surveyed. 

• Interaction with other supporting programs, such as preprocessor, grid 
generator, and postprocessor, including graphics display will be checked. 

• Computer oriented topics will be rated (program size, vectorized, etc.) 

• Background, experience, and skill of the program developer(s) will be 
reviewed. 

• After selection, new developed routines must be announced and distributed on 
request . 

• The selected codes will serve as reference programs. In this capacity the 
data can be used for comparison with other code results for validation. 
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SUMMARY 


Information, related to the current CFD program capabilities and provided by 
various organizations, has been compiled and presented. Specific sample cases for 
thrust chamber flow demonstration capability are recommended to promote code 
advancements and validation. The analytical potential of a future comprehensive 
code has been stated, and the anticipated steps leading to the selection of the 
best interim candidates have been introduced. The communication between a panel 
of CFD oriented experts and the propulsion community will review the recommended 
selection criteria and formulate a final set with associated weighing of the 
topics. The selection process is projected to occur in the 1992/93 time period. 
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APPENDIX 


ACUREX 

Acurex Corporation 

AEROJET 

Aerojet TechSystems Company 

ARGONNE 

Argonne National Laboratory 

CHAM 

CHAM of North America, Inc. 

CFDRC 

CFD Research Corporation 

CREAREX 

Creare . X 

HSC 

Huntsville Sciences Corporation 

NASA/ARC 

NASA, Ames Research Center 

PRI 

Physical Research, Inc. 

P&W 

Pratt & Whitney 

REMTECH 

Remtech, Inc. 

ROCKETDYNE 

Rocketdyne 

SEA 

Software and Engineering Associates 

SECA 

Software Engineers, Consultants, Analysts 

SRA 

Scientific Research Associates, Inc. 

UAH 

University of Alabama, Huntsville 

UCI 

University of California, Irvine 

UIC 

University of Illinois, Chicago 

UTS I 

University of Tennessee, Space Institute 


TABLE 3. SAMPLE CASES 


• Thrust chamber using 0 2 /H 2 , 0 2 /C H n propellants 

• Combustion chamber equipped with a turbulence ring 

• Thrust chamber with tangential flow injection in axial direction 

• Combustion chamber with flow injection in circumferential direction 

• Thrust chamber with a striated mixture ratio profile 

• Thrust chamber with separated nozzle flow 

• Thrust chamber with sharp throat radii of curvature 

• Combustion chamber with unconventional geometry (inclined injector face, 
tapered walls, small contraction ratio) 

• Combustion chamber with various types of injection patterns 

• Thrust chamber with heat transfer to the wall for a given temperature profile 

• Thrust chamber with regenerative coolant flow 

• Thrust chamber with transpiration cooling 

• Time dependent thrust chamber start and shut-down operation 




146 



TABLE 1. QUESTIONNAIRE RESULTS 


Table 1 (la) 


ORGANIZATION 

ACUREX 

AEROJET 

ARGONNE** 

CFDRC 

CHAM 

RESPONS. PERSON 

A Murray 

T. Nguyen 

G. Berry 

SiUbchi/A.Pnekwi 

Mahaffey/Vlacho* 

CODE NAME 


KIVA-G 

BICOMB 

GEMCHIP 

REFLEQS 

PHOENICS 

DIMENSIONS 


3D 

2DAxiaymmetric 

2D 

2D^D 

1D.2DJD 

COORDINATES 

CART/CYL/SPH/BODY FIT 

Can3dyRl 

BdyFU 


Bdyfitfall) 

Cart,Cyl3dyHt 

TIME PROBLEM 

STEADY/UNSTEADY 

Unstdy 

Sidy 

Unstdy 

Stdy.Unstdy 

Stdy.Uncdy 

TYPE OF FLOW 

INVISCID/VISC1D 

ViaOVT) 

Vi^./D 

ViK-/T) 

Invi*,Vi*(-/T) 

Invu,Vi*(L/T) 


INCOMP/COMPRESSIBLE 

Incmp.Cmp(all) 

Qnp(ib/rr) 

Incmp,Cmp(Sb) 

nanp,Cmp(Sb/Ti/S 

Incmp.CmpCSNTr/S 

EQUATIONS 

CONSERV/NONCONSERV 

Corav 



Comv 

Consv 


MOMENTUM 

N-Sflncmp/Cmp) 

N-S(Cmp) 


N-S 

N-S 


ENERGY 

Yea 

Yea 

Yea 

Ye* 

Ye* 


SPECIES 

Ye*<7) 

Yea(3mtx) 

Y«(7) 

Ye*(4 cep reaction) 

Ye*(35+) 


MULTI PHASES TRACKING 

E-L 

E-E 

E-E 

E-L 

E-EJMJopt) 


EQUATION OF STATE 

R.O.(Eqn) 

LO. 

I.O. t R.O<Eqn) 

R.O.(7) 

I.G.Jt.G.{?) 


TRANSPORT PROPERTIES 

Eqn 

Eqn 

Eqn 

TabLEqn 

T.W^qn 

PHYSICAL PROCESS 

TURBULENCE MODELING 

K 



B-LfTBD) 

MixL 




KcH 

KeH 

KeHJCeL 

KeH 









ATOMIZATION MODEL 

Caku 

Aasmd (Input) 

Anmd 

Amnd.Calcu 



VAPORIZATION MODEL 

Drplet(M) 

Yes(7) 

Ye*(7) 

Diplet(S/M) 

Crit(Sup) 


CHEMISTRY MODEL 

FR 

FR 

FR 

EQPR 

EQJR 


RADIATION MODEL 




Yea(6 flux eqn) 

6 Flux Model 

ROCKET PROPELLANT 

TYPE 

General (7) 

all 


HC/AirJIypcrgolic 

Hc/Air.02 


PHASES (FUEUOX) 

Multi(G/L) 

Two<GA3.G/L) 

Two(UGJJU 

SjLT(G/G,G/LJL/L) 

Two(?) 

DISCRETIZATION 

FDM/FVM/FEM/SPECTRAL/ETC. 

FVM 

FVM 

FVM 

FVM 

FVM 

NUMERICAL SCHEME 

VARIABLES BASED 

P-V 


P-V 

P-V 

P-V 


DIFF. ACCURACY: TIME/SPATIAL 

T(l«t)>S(l«Und) 

T(7VS(2nd) 


T(l*tV5(ln.2nd) 

T(7)/S(l*C2nd) 


MULTI STEP/FACTORIZATION 

- 




MS(NoVFACT(Yes) 


EXPLICIT 

Explidi(Tempoial) 




No 


impucit 

ImplicitCSpadal) 


Fully Implicit 

Fully Implicit 

Implicit 


OTHERS: SPECIFY 

ALE 



TVD 





SIMPLER 

SIMPLER 

SIMPLEC 

SIMPLESTJPSA 


MULTIGRID CAPABILITY 

No 



No 

No 

MATRIX SOLVER 

DIRECT METHOD 

Not Req’d 

TDMA 

TDMA 

Mod. Stone 1 * solver 

Stone’* tolvT 


iterative METHOD 


Line Iter 

Line Iter 

. 



Survey Date : October, 1990 (Except **) 
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TABLE 1. QUESTIONNAIRE RESULTS 


ORGANIZATION 

ACUREX 

AEROJET 

ARGONNE** 

CFDRC 

CHAM 

RESPONS. PERSON 

A. Murray 

T. Nguyen 

G. Berry 

Silabchi/APrxekwt; 

Mihaffey/Vltchos 

CODE NAME 

KIVA-G 

BICOMB 

GEMCHIP 

REFLEQS 

PHOENICS 

GRID 

SEPARATE (NAME) 

OOP 



EAGLE, GGP(opt) 

GGP.Othen 


INTERNAL 

N crtho 

StggNonho 

Ortho 

Onho/Nonho 

Stgg.Ortho/Nonho 




Strct 

Adapt 

Strct 

Strct 


TECHNIC USED 

N/A 

Algbr 


Algbr 

AlgbrJKff 

INLET/WALL 

INLET CONDITIONS 

Const 

Const. 


Coost,TimeVar 

Const,TimeVar 

BOUNDARY COND. 

WALL BOUNDARY 

Usr specify 

Nslp 

Nslp 

Usr Select. 

Slp/Nslp .MV/Fix 



AdUbJsoth 

Adiab 

Adiab 


Adiab JsothJlux 



Suzf(S) 

Surf(S) 

Hindi Interior B.C. 

Hindi Interior B.C. 

Hindi Interior B.C. 



Adh 



Adh .Bounce 


PROGRAM CAPABIUT 

INCOMPRESSIBLE FLOWS 




Swirl, Rotation flow 

All 

(Experienced) 

COMPRESSIBLE FLOWS 

0.1-24 

0.1-20 


0-65 

All 

INTERNAL FLOW 

Redrc.Csvity 

Separjtedic 


SeparJl edrc.Ca vity 

All 



Combustor .Noa 

CambostorNozz 

Spray combustion 

Combustor JN oxz 

Combustor .Nozz 


INJECTION 

Coaxial 



Yes(7) 




Atom, Vapor 

Mix, Vapor 


Atomiz, V iporJMix 



PERFORMANCE PREDICTION 

ThcrmJ>yn Prop 

1 

All 

ThermJDyn prop ! 

ThnistJsp.Dyn prop 

All 


MISC. 

Plume^Jhock tube 



Duct 

Duct 

CODE VALIDATION 

UNIQUE CASES 

13 



40 

-200 


CASES PUBLISHED 

7 



30 

-25 


THRUST CHMBR RELATED 

3 



4 

-5 

PRE/POST PROCESSOR 

DEVELOPED 

Inhouse 

Inhouse 

N/A 

Inhouse 

Lnhouse, Others 


OPERATION 

Bitch 

Batch .Interact 


Batch .Interact 

Interact 


GRAPHICS 

DI300XHSSPLA 

DI3000J>lot3D 

N/A 

PloGDtXYPLOT 

Self.PATRAN.Spna 

PROGRAM 

DOCUMENTATION 

Eng, User 

N/ACTBD) 

TBD 

Eng J*rog, User 

Eng Prog, User 


AVAILABILITY 

Prop 

Prop 

Pub(Argonne) 

Prot 

Sale 

COMPUTER SYSTEM 

MAINFRAME 

Cray 

Cray 

CrayJBM 

Cray. IBM 

CrayJBM,Cyb 


MINICOMPUTER 

Vax 

Vax 

Vax 

AUiant Ardent, V ax 

ConvexAllisnt, V a x 


WORKSTATION 


SO 


Sun 

SunApoOo.Tek 

MISCELLANEOUS 

CODE EXPERIENCE 

2 Yo 

1 Yn 

4 Yd 

4 Yo 

9 Yn 


CODE ORIGIN 

AcqCKIVA) 

Acq(GEMCHIP) 

Inhouse 

Inhouse 

Inhouse 


VECTORIZATION 

Yea 

No 


Yes 

Yes 


Survey Date : October, 1990 (Except **) 
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TABLE 1. QUESTIONNAIRE RESULTS 


Table 1 (2a) 


ORGANIZATION 

CREAREJC 

CREAREJC 

CREAREJC 

HSC 

NASA^ARC 

RESPONS. PERSON 

Z. Sheikh 

S. Subbiah 

S.Subbuh 

L Spndlcy 

S. Yoon/D. Kwak 

CODE NAME 

FLUENT 

RAMPANT 

NEKTON 

PACES 

CENS3D 

DIMENSIONS 


2D.3D 

2DJD 

2DJD 

2DJD 

2DJD 

COORDINATES 

CART/CYL/S PH/BODY FIT 

C*rt,CyL3dyRl 

Bdyfil 

Bdyfil 

Bdyfil 

Bdyfit 

TIME PROBLEM 

STEADY/UNSTEADY 

Sldy.Unndy 

Stdy.Uostdy 

Unady 

Unstdy 

Stdy.Unstdy 

TYPE OF FLOW 

INVISCID/VISCID 

Invi*,Vij(L/T) 

Invix,Yu(L/r) 

Invir,Vi*(L) 

Iovis.Vis(L/D 

Invis,Vis(L/T) 


INCOMP/COMPRESSIBLE 

ncm^CmpISh/Tr/Sp 

Qnp<Sb/rc/Sp) 

Inrmp 

Cmp(7) 

CmpCiU) 

EQUATIONS 

CONSERV/NONCONSERV 

Conrv 

Conrv 

NonCocxv 

Conrv 

Cortsv 


MOMENTUM 

N-S 

N-SMul 

N-S 

N-S(Cmp) 

N-S(*/Cmp) 


ENERGY 

Yes 

Yes 

Yes 

Yes 



SPECIES 

Ycs(unlinui) 


No 

Yes(30) 

Yes(ll) 


MULTI PHASES TRACKING 

E-L 






EQUATION OF STATE 

LG. 

I.G. 


LG.Jt.G.{Tibl) 

R.G.(Eqn) 


TRANSPORT PROPERTIES 

TahLEqn 


Eqn 

Eqn 

Eqn 

PHYSICAL PROCESS 

TURBULENCE MODELING 





B-L 



KeH 

KeH 


KeH/KeL 




ASTjtSM 






ATOMIZATION MODEL 

Assmd 






VAPORIZATION MODEL 

Drplet(S/M) 






CHEMISTRY MODEL 

EQJR 



FR 

FR 


RADIATION MODEL 

Discrete Trans 





ROCKET PROPELLANT 

TYPE 




H2/OLHC/Air 

Air/H2 


PHASES (FUEL/OX) 

Sngl(S/G) 



Sngl 


DISCRETIZATION 

FDM/FVM/FEM/SPECTRAL/ETC 

FVM 

FVM 

Spectral 

FEM 

FVM 

NUMERICAL SCHEME 

VARIABLES BASED 

P-V 

D-V 

P-V 

D-V 

D-V 


DIFF. ACCURACY : TIME/SPATIAL 

T(laVS(l«) 

T(laVS(2nd) 

T(3id)/S(l3th) 

T(2nd)/S(2nd) 

T(l«)/5(2nd) 


MULTI STEP/FACTORIZATION 

MS(No)/FACT(No) 



MS(Yes)/FACT(No] 

M5(No)/FACT(Y ei] 


EXPLICIT 



Adsm-Baschwonh 

FEM-FCT 



impucit 





Yoon -Jameson 


OTHERS: SPECIFY 




! ALE,Tsy-GaLFCT 

TVD 



SIMPLE 

1 





MULTIGRID CAPABILITY 

No 


Yes 

No 

Yes 

MATRIX SOLVER 

DIRECT METHOD 

TOMA 


Tensor Product 




ITERATIVE METHOD 

Iter 


CGM 

Iter 

G-S(LU-SGS) 


Survey Dale : October, 1990 (Except **) 



TABLE 1. QUESTIONNAIRE RESULTS 


Table 1 (2b) 


ORGANIZATION 

CREAREJC 

CREAREJC 

CREAREJC 

HSC 

NASA,ARC 

RESPONS. PERSON 

Z. Sheikh 

S.Sabhah 

S. Subfauh 

LSpndley 

S. Yoon/D. Kwak 

CODE NAME 

FLUENT 

RAMPANT 

NEKTON 

PACES 

CENS3D 

GRID 

SEPARATE (NAME) 

PREFL 

PREFL 

PRENEK 


GGP 


INTERNAL 

StgfcNortho 

Nngg-Northo 

NttgfNartho 


Onho/Noitho 



Son 

UaanXAdpl 

Unarret 

Uncm^Adapt 

AdapLMuliZon 


TECHNIC USED 

AlgbrJXff 

Algbr 

FEM 

FEM 

AlgbrXhff 

INLET/WALL 

INLET CONDITIONS 

Cor»t,TimeVar 

Coact 

Coost,TimeV«r 

Con*t,TiraVar,Ch*i 

Ccnjt,Time V ar 

BOUNDARY COND. 

WAIL BOUNDARY 

Slp/N*lp,MV/Rx 

SlpyNxlpJrfV/Fii 

Slp/Nslp>fV/Fu 

NtlpMv 

Nalp 



Adiabjaothjlua 

AdubJcochJ’lux 

AdubJsocluFlux 

both 

Nonieflecting cond 



Surf(S/R) 

SarffS) 

SrnfCS) 

SurffS) 




Aifli HmnwijSihl fT 





PROGRAM CAPABILIT 

INCOMPRESSIBLE FLOWS 

0.1 - 1.0E12 


LaaninaMrans 

1.0E2-1.0E8 


(Experienced) 

COMPRESSIBLE FLOWS 

0.1 -5.0 

0J - 5.0 

<03 


0.1-30 


INTERNAL FLOW 

RedicSepar 

SepvRedxc 

Separ .Retire 

SeparRedre 

Scpar 



CambusuxNoa 



CombustorNozz 

Inlet/Combustor 


INJECTION 








Y«por>Gx 






PERFORMANCE PREDICTION 




ThcnnJ^ynPropJxp 

Therm.Dyn Prop 


MISG 




Wav elmping e .Aero 

Hypeaonic Vehicle 

CODE VALIDATION 

UNIQUE CASES 

250 



10 



CASES PUBLISHED 

30 



25 



THRUST CHMBR RELATED 




2 


PRE/POST PROCESSOR 

DEVELOPED 

Inborn 

Inhaose 

Nekuxncs 

Inhouxe, Other* 

Inhouse 


OPERATION 

Batch intact 

Batchjnxract 

Bticfajmcriq 

Buch interact 

Interact 


GRAPHICS 

Self 

Self 

Self 

SelfjSO-lRIS 

OASSURFPlot3D 

PROGRAM 

DOCUMENTATION 

Eng.Prot.Uaer 

Eng,Pro|,U«ex 

Eag,Ptog,User 

N/A 



AVAILABILITY 

Sale 

Salejhrap 

Sale 

SBIR 

Pub 

COMPUTER SYSTEM 

MAINFRAME 

Cray .IBM 

CrayJBM 

CrayJBM 

Crty.Cyb 

Cray 


MINICOMPUTER 

! 

CaovovAUunt, Vu i 

CanvcXvAUiant, V ax 

CoovexAllitnt 

Vtx,Convex 

Vax 


WORKSTATION 

SunApallo.Tek 

SuaTck 

SuruApotlo.Tck 

SG.UNIX 

SO 

MISCELLANEOUS 

CODE EXPERIENCE 

8 Ya 

1 Ya 

4 Ya 

3 Ya 

2 Ya 


CODE ORIGIN 

Lnhouco 

Inhooac 

Acq(MTT) 

Acq<PEFLO) 

Inhoutc 


VECTORIZATION 

No 

No 

Yet 

Yet 

Yea 


Survey Dale : October, 1990 (Except **) 
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TABLE 1. QUESTIONNAIRE RESULTS 


Table 1 (3a) 


ORGANIZATION 

PAW 

PAW 

PRI 

PRI 

REMTECH 

RESPONS. PERSON 

D.Hifl 

CRh» 

Danf/Kchumavix 

Dutg/Kcfattmavaz 

SPrahmj/P. Liver 

CODE NAME 

ARICC 

NASTAR 

NSI 

UPNS 

PARCREM 

DIMENSIONS 
COORDINATES 
TIME PROBLEM 
TYPE OF FLOW 

EQUATIONS 
PHYSICAL PROCESS 

ROCKET PROPELLANT 

DISCRETIZATION 
NUMERICAL SCHEME 

MATRIX SOLVER 

CART/CY1VS PH/BODY FIT 

STEADY/UNSTEADY 

INVISCID/VISCID 

INCOMP/COMPRESSIBLE 

CONSERV/NONCONSERV 

MOMENTUM 

ENERGY 

SPECIES 

MULTI PHASES TRACKING 
EQUATION OF STATE 
TRANSPORT PROPERTIES 
TURBULENCE MODELING 

ATOMIZATION MODEL 
VAPORIZATION MODEL 
CHEMISTRY MODEL 
RADIATION MODEL 
TYPE 

PHASES(FUEUOX) 

FDM/FVM/FEM/SPECTRAUETC. 

VARIABLES BASED 

DIFF. ACCURACY :TTME/SPATIAL 

MULTI STEP/FACTORIZATION 

EXPLICIT 

IMPLIOT 

OTHERS: SPECIFY 

MULTIGRID CAPABILITY 
DIRECT METHOD 
ITERATIVE METHOD 

2DA»i»yimuenic 

2WD 

2D 

2D 

2DJD 


Bdyfit 

Bdyfit 

Bdyfit 

Bdyfit 

Unttdy 

Stdy 

Untidy 

Stdy 

Stdy.Unstdy 

Invu,VU(L/T) 

Invi*,Vii(iyr) 

v*-T) 

v*-/r> 

Invi*,Vu(lVT) 

Gnp(Sb) 

Inanp,Cmp(»Il) 

Qnp(7) 

Cmp(7) 

Cmp(tU) 

Cocsrv 

Conrv 



Contv 

N-S 

N-S.PNS.Eul 

N-S(Cmp) 

PNS 

NS(Cmp),TLNS£ul 

Yet 

Yet 

Yet 

Yet 

Yet 

Yc*(ll mu) 

Yet<4A7) 


Yex<40) 

Yes(9) 

E-L 





10 . 

LOJLO.(T«hl) 

LO. 

LO.JLO.(CpaC) 

LO.Jt.G.(Eqn) 

Eqn 

TabLEqn 


Ttbl 

Eqn 

MixLCSGS) 

B-L 

Cebeci -Smith 

Cebeci -Smith 

B-L 

KeH 

KeHJCcL 


KeH 

KcL 






Annul 





Diplet(S/M) 





EQ.FR 

FR 


FR 

EQ 



No 



H2/02 

H2/02JIC 



H2/02 

Two(0/L) 



Sngl 

Sngl(gu) 

FVM 

FVM 

FDM 

FDM 

FDM 

P-V 

P-V 

D-V 

D-V 

D-V 

T(lttV5(ltt) 

T(7VS(2nd) 

T(7VS(2nd) 

T(7VS(2nd) 

T (2nd VS (2nd) 


MS(YetyFACT(No) 



MS(YetVFACT(Yes 






Iwpliwt 

ImpUdl 



B-W 

ALB 


TVD 

TVD 

ADI 


P1SO 




No 

Yet 



No 


SLORTDMA 

BTDMA 

BTDMA 

PfcnUdiigonil Slvr 

Point calves? 

Iter 





Survey Date : October, 1990 (Except •*) 




TABLE 1. QUESTIONNAIRE RESULTS 


Table 1 (3b) 


ORGANIZATION 

P&W 

P&W 

PRI 

PRI 

REMTECH 

RESPONS. PERSON 

D.Hm 

CRWo 

Dang/Kehtaroavaz 

Danj/Kehumavaz 

SJVahanj/P. Liver 

CODE NAME 


ARICC 

NASTAR 

NSI 

UPNS 

PARCREM 

GRID 

SEPARATE (NAME) 


OOP 



INGRID 


INTERNAL 

St||-Northo 

Nstu^iottho 







StrctXohZoae 



Strct^dp >lul tZon 


TECHNIC USED 

Al*bx 

FEKtAlgbrXKff 

Algbr 

Algbr 

Algbr 

INLET/WALL 

INLET CONDITIONS 

Const 

Const. 



Const,TuneVar 

BOUNDARY COND. 

WALL BOUNDARY 

Nalp 

All 


Nslp 

Nslp.MV 



hah 

AD 



Adiabjsoth 



Smf(S) 

Suxf(S) 



Surf(S) 



Bounce 





PROGRAM CAPABUJT 

INCOMPRESSIBLE FLOWS 


LOCO* 1.0E8 



1.0E2- 1.0E8 

(Experienced) 

COMPRESSIBLE FLOWS 


0.0 - 30 



0.4 - 33 


INTERNAL FLOW 


All 



Separ .Recur .Cavity 




Combustor .Non 

Nazz 

Combustor .Nazz 

Nazz 


INJECTION 

Cou 

AB 






Ataraiz,VcparMix 






PERFORMANCE PREDICTION 

Dyn Prop 


All 

All 

ThermJJyn prop 


MISC 





Ext flow Plume 

CODE VALIDATION 

UNIQUE CASES 

8 

300 



>20 


CASES PUBLISHED 

4 

30 



>10 


THRUST CHMBR RELATED 

. 

100 



5 

PRE/POSTPROCESSOR 

DEVELOPED 

Inhouse<Post) 

Inhotise,Othai 

N/A 

N/A 

Inhouse 


OPERATION 

Batch 

Batch 



Batch interact 


GRAPHICS 

Pl«3D,Sclf 

Ploc3D,Sdf 

Calcomp 

Calcomp 

P1013D.DISSPLA 

PROGRAM 

DOCUMENTATION 

Uff 

User 

N/A 

Eng .User 

Eng, User 


AVAILABILITY 

Pub-MSFC 

Prop 

Pub 

PubCTBD) 

PubProp(somc) 

COMPUTER SYSTEM 

MAINFRAME 

Cray 

Cray 



Cray 


MINICOMPUTER 



Vaa 

Vaa 

Conva.Multiflow 


WORKSTATION 



Sun 

Sun 

Sun 

MISCELLANEOUS 

CODE EXPERIENCE 

2 Yt» 

6 Yu 

1 Yn 

13Yn 

4 Yu 


CODE ORIGIN 

Acq( ARICC) 

Inhouse 

Infinite^. 

Inhouse 

Acq(PARC) 


VECTORIZATION 

Ye*(Puts) 

Yes 



Partially 


Survey Dale : October, 1990 (Except **) 



TABLE 1. QUESTIONNAIRE RESULTS 


Tabic 1 (4a) 


ORGANIZATION 

ROCKETDYNE 

SEA 

SECA 

SRA 

UAH 

RESPONS. PERSON 

P.Y. Liang 

D.Caatt 

Y.Chen 

J.Sabnit 

CP. Chen 

CODE NAME 


ARICC3D 

VIPER 

FDNS 

CELMINT 

MAST 

DIMENSIONS 


2EUD 

2D 

2D3D 

2D3D 


COORDINATES 

CART/CYL/SPH/BODY FIT 

BdyHt 

BdyRt 

BdyRt 

BdyRt 

BdyRt 

TIME PROBLEM 

STEADY/UNSTEADY 

Unttdy 

Sidy 

Stdy.Unstdy 

Stdy(apt),Untidy 

Unttdy 

TYPE OF FLOW 

IN VISCID/VISCID 

ViK-/T) 

Invit, Via (L/D 

Invit, Vit(L/D 

Vit(-/D 

Invit, Vit(-/T) 


INCOMP/COMPRESSIBLE 

CmpO) 

Cmp(7) 

ncmp,CmpCSb/Ti/Sp 

Incmp(opt),Cmp(?) 

Incmp.CmpC?) 

EQUATIONS 

CONSERV/NONCONSERV 


Coruv 

Con tv 

Contv 

Contv 


MOMENTUM 

N-S(-/Cmp) 

PNS 

N-S(Inanp/Cmp) 

N-S(-/Cmp) 

NS(Incmp/Cmp) JEul 


ENERGY 

Yet 

Yet 

Yet 

Yet 

Yes 


SPECIES 

Yet(7) 

Yet(40) 

YetCcompL memory 

Yet(7) 

Yes<?) 


MULTI PHASES TRACKING 

E-L 


E-E.E-L 

E-EE-L 

E-USui 


EQUATION OF STATE 

LG.JR.G*(Cp#C) 

R.O.(7) 

R.G.(Eqn) 

I.O.Jt.G.(Tabl) 

I.G.JR.G.(Eqn) 


TRANSPORT PROPERTIES 

Eqn 

Eqn 

TabLEqn 

Eqn 

Eqn 

PHYSICAL PROCESS 

TURBULENCE MODELING 

SGS 

Cebca -Smith 


MixL 




KcH^-Scalc 

KeH 

KeHJCcL 

KeL 

KcHJCeL 





ASM 


Multi-Scale Model 


ATOMIZATION MODEL 

Yet 


Attmd 


Assmd 


VAPORIZATION MODEL 

Yet 


Drplet(S/M) 

Drplet(S) 

Drplt(S/M).Crit(Sb) 


CHEMISTRY MODEL 

EQ.FR 

EQ.FR 

EQFR 

FREututic. Model 

EQ 


RADIATION MODEL 



Yet(7) 



ROCKET PROPELLANT 

TYPE 

H2/02.HC/O2 

All 

H2/D2.HC/02, Other 


H2/02 


PHASES (FUEL/OX) 

Two(G/L) 

(1) SngLTwo 

i 

i 

SngLTwo{G/UG/S) 

Two(G/S,G/L) 

DISCRETIZATION 

fdm/fvm/fem/spectrauetc. 

FVM 

FDM 

FDM 

FDMEVM 

FVM 

NUMERICAL SCHEME 

VARIABLES BASED 



P-V 

D-V 

P-V 


DIFF. ACCURACY:TIME/SPATIAL 

T(litVS(l«t^nd) 

S(2nd) 

r(2ndVS(4ih)w/Di« 

T(ltUndVS(2nd) 

T(2nd)/S(2nd) 


MULTI STEP/FACTORIZATION 

MS(Y a yFACT(No) 


MS(YetVFACT(Nol 

MS(NoVFACT(Yes) 

MS(Y et VFACT (No) 


Expucrr 







IMPLICIT 

Implicit 

B-W 

Time-Centered 

B-McD 



OTHERS: SPECIFY 

ALE 


C-N.TVD 

Block ADI 




SOLA-VOF 


Multi-Conectort 


P1SOC 


MULTIGRID CAPABILITY 

No 

No 

Yet 

No 

Yea 

MATOX SOLVER 

DIRECT METHOD 


TDMA 

Stone't tolvT 

BTDMA 



ITERATIVE METHOD 

CRM 


or Line Iter. 


CGM(CGS) 


Survey Date : October, 1990 (Except **) (i) EquiL gat particle mixture 




TABLE 1. QUESTIONNAIRE RESULTS 


Tabic 1 (4b) 


ORGANIZATION 

ROCKETDYNE 

SEA 

SECA 

SRA 

UAH 

RESPONS. PERSON 

P.Y. Liang 

D. Conti 

Y. Chen 

1. Sahnia 

CP. Chen 

CODE NAME 

ARICC3D 

VIPER 

FDNS 

CELMINT 

MAST 

GRID 

SEPARATE (NAME) 

GGP 


EAGLE.GENIE,GR 

EAGLE.GCP 



INTERNAL 

Stg&Noflho 


Nstgg3fcwtho 

NarthoMoving 

Nonho 



Stn*Adp 

Strct 

Unsuc,MultZone 

AdapuMuliZon 



TECHNIC USED 

Algbr 

Algbr 

Algbr J^ifT 


Diff 

INLET/WALL 

INLET CONDITIONS 

Un Specify 

Coot 

Const.TimcVar 

Const,TimcVar 

Const,TimeVar 

BOUNDARY COND. 

WALL BOUNDARY 

U» Specify 

Ndp 

Slp/Nalp 

Usr specify 

Nslp,MV 




AdUbphu 

AdiabJsothJIux 


Const,TimeVar 




Suif(S) 

Suif(S) 

Hindi Interior B.C. 

Surf(S) 





Adh3ounce 

AdhJJ ounce 

Adh3ounce 

PROGRAM CAPABUJT 

INCOMPRESSIBLE FLOWS 


1.QE3 * I.0E7 

0.1 — 

1.0-1.0E7 

1.0EI - 1.0E6 

(Experienced) 

COMPRESSIBLE FLOWS 

0-6 

1.0-10 

0.0-20 

1.0E-4-20 

0.1-8 


INTERNAL FLOW 

SeparRedrc.Cavity 


Rodrc.Cavity^epar 

Ballistic.Cavity 

SeparRedrc.Csvity 



Combustor .Noa 

Naa 

Combustor .Nan 

RocketMotorJMozz 



INJECTION 

Coax,Transversc 


Coax 


Coax 



Atomiz,Vapcr.Mix 



Vapor. Mix 

Vsp,Mix 


PERFORMANCE PREDICTION 

Thcnn Prop 

All 

AD 

ThermJJyn Prop 



MISC. 

Pipe flaw3wdStep 


Duct,TuibUd31un) 

Ext flow(ir/Hyper) 


CODE VALIDATION 

UNIQUE CASES 


8 

46 

40 

15 


CASES PUBLISHED 


8 

29 

25 

10 


THRUST CHMBR RELATED 


8 

7 


0 

PRE/POST PROCESSOR 

DEVELOPED 

Inhouse/Othen 

InhouseJ^Kt 

Inhousc 

Others 

Inhouse 


OPERATION 

Batch (7) 

Batch 

Batch 

Batch interact 

Batch 


GRAPHICS 

DISSPLA^elf 

Self 

Sdfplot3D 

Plot3D 

Display 

PROGRAM 

DOCUMENTATION 

U«r(2D only) 

Eng .User 

User 

Eng JProg, User 

EngJVog 


AVAILABILITY 

Prut 

Pub 

Pub 

Prop.SiIe.Proi.Pub 

Pub 

COMPUTER SYSTEM 

MAINFRAME 

Cray 


CrayJBM 

Cray.Cyb 

Cray 


MINICOMPUTER 

FPS 

Vax 

Aviion . 

Vsx 



WORKSTATION 

Sun 

Sun 


SunJSG 

Sun 

MISCELLANEOUS 

CODE EXPERIENCE 

lYa 

Developing 

4 Yti 

14 Yrs 

Developing 


CODE ORIGIN 

Acq(KIVAn^RICC 

Inhouse 

Inhouse 

Inhouse 

Inhousc 


VECTORIZATION 

Yea 

No 

Partially 

Yes 

No 


Survey Date : October, 1990 (Except **) 




TABLE 1. QUESTIONNAIRE RESULTS 


Table 1 (5a) 


ORGANIZATION 

UCI 

UIC** 

UTSI 

UTSI** 

RCKTDYNE 

RESPONS. PERSON 

R. Rangel 

P. Chin 

S. Jen* 

F. Collin* 

M. Sindir 

CODE NAME 


SHEET2 

jEMCHIP LILD 

ABC(KTVA-II) 

CASP(PARO 

USA 

DIMENSIONS 


2D 

3D 

3D 

2DAxisymmemc 


COORDINATES 

CART/CYL/SPH/BODY FIT 

Cm 


BdyHi 

BdyFit 


TIME PROBLEM 

STEADY/UNSTEADY 

Unstdy 

Stdy.Unstdy 

Unsidy 

Stdy 

Unstdy 

TYPE OF FLOW 

INVISCID/VISCID 

Invis 

v»(*m 

visovn 


Invis,VL*(-/T) 


INCOMP/COMPRESSIBLE 


Onp<7) 

Cmp(Sb) 


Incmp,Cmp(*U) 

EQUATIONS 

CONSERV/NONCONSERV 



Cotuv 

Consv 



MOMENTUM 

N-S(Inanp>-Varti 

N-S(Cmp) 

N-S(Cmp) 

N-S(Cmp),Eul 

N-Sflnanp/Cmp) 


ENERGY 

(U- 


Yes 




SPECIES 

Ye*(4) 

Yes(7) 

Yes<30) 




MULTI PHASES TRACKING 

E-L 

E-E 

E-L 




EQUATION OF STATE 

LO. 

i.o.ji.a.(7) 

R.G.(Eqn) 

1 . 0 . 

R.G(Eqn) 


TRANSPORT PROPERTIES 

Eqn 


Eqn 

Eqn 

Eqn 

PHYSICAL PROCESS 

TURBULENCE MODELING 




B-L 

B-UC 



LES 

Modified KcH 

KcH 


KcH 









ATOMIZATION MODEL 

Assmd 

Assmd 

Assmd 




VAPORIZATION MODEL 

DtpMS/M) 

(0X2) Drpla<7) 

Crit(Suh/Sup) 




CHEMISTRY MODEL 

TBD 

FR 

EQJR 

EQ 

FR 


RADIATION MODEL 

TBD 

TBD 




ROCKET PROPELLANT 

TYPE 

HC 


MMH/N2D2 

H2/02 



PHASES(FUEUOX) 

Two<7) 

dultiCO/OX/OJL* L/C 

Two(L/L) 

Sngl 


DISCRETIZATION 

FDM/FVM/FEM/SPECTRAL/ETC. 

FDM-Salv 

FVM 

FVM 

FVM 

FVM 

NUMERICAL SCHEME 

VARIABLES BASED 

Ltgrengixn manner 


P-V 




DIFF. ACCURACY:TI ME/SPATIAL 

2nd Run*o-Kutu 

T(-VS(lst) 

T(ltt)/S(2nd) 

T(-VS(2nd) 



MULTI STEP/FACTORIZATION 




MS(NoVFACT(Yes) 

MS(Y«VFACT(Ycj 


EXPLICIT 

Explicit 




Explicii(R-K) 


IMPLICIT 


Fully implicit 


B-W 

Implicit 


OTHERS: SPECIFY 



ALE 


TVD/Ricminn 




SIMPLER 





MULTIGRID CAPABILITY 

No 


No 



MATRIX SOLVER 

DIRECT METHOD 

TDMA 

TDMA 


Pcmadiagonil solvr 

TDMA.BTDMA 


ITERATIVE METHOD 


Line Iter 

COM 




Survey Date : October, 1990 (Except **) (1) v«ici.,feu «,• (DDrpte dtapamao mold 


(2) GroupConjugtie effects included 



TABLE 1 . QUESTIONNAIRE RESULTS 


Tabic 1 (5b) 


ORGANIZATION 

UCI 

UIC** 

UTSI 

UTSI** 

RCKTDYNE 

RESPONS. PERSON 

R. Rangel 

P. Qan 

S. Jens 

F. Collins 

M. Sindir 

CODE NAME 

SHEET2 

GrEMCHIP Ln»n 

ABCflOVAIl) 

CASP(PARC) 

USA 

GRID 

SEPARATE (NAME) 

Cartesian (7) 

Preselected grid 


INGRID 

Nonho 


INTERNAL 


Ortho 

Onho/Nonho 


Sirc.MuliZonc 





Adipt(TBD) 




TECHNIC USED 



Diff 



INLET/WALL 

INLET CONDITIONS 

Must be assumed 


Coast 

Urr specify 

Ust Specify 

BOUNDARY COND. 

WALL BOUNDARY 


Fu 

Slp/Nslp 

Need start file 




No Wills 

Adiab,Fbu 

AdubJsothJRux 





Hindi Periodic B.C 


Surf(S/R) 







Adh .Bounce 



PROGRAM CAPABIUT 

INCOMPRESSIBLE FLOWS 

1.GE1 - 1.0E2 





(Experienced) 

COMPRESSIBLE FLOWS 



0.1*1. 2 

-33 



INTERNAL FLOW 





Cavity 




Combustor 

Rocket 


CombusuwNozz 


INJECTION 




Nazz 




Vapor.Mix 






PERFORMANCE PREDICTION 

Vorticily .Velocity 

ThcrmJJyn Prop 

Therm 


Therm.Dyn Prop 


MISC. 




E*tflow,Dua,ac 

Ext,flow(Sup,H>p) 

CODE VALIDATION 

UNIQUE CASES 

5 


5 




CASES PUBLISHED 

5 


2 




THRUST CHMBR RELATED 



2 



PRE/POSTPROCESSOR 

DEVELOPED 

Inhouse 

Others 

N/A 

Others 

Inhousc 


OPERATION 


Bitch 

Bitch 


Interact 


GRAPHICS 

CPRSelf 


PloGD 

P!ot3D 

Self 

PROGRAM 

DOCUMENTATION 

N/A 

TBD 

N/A 


Usr 


AVAIL ABILITY 


Prop .Pub 

Prop 


Prop 

COMPUTER SYSTEM 

MAIN FRAME 


Cny 


Cny 

Cny.Cyb 


MINI COMPUTER 



Alliinl 

Multiflow 

Convex 


WORKSTATION 

Apollo 

Sun 


Sun 

Sun 

MISCELLANEOUS 

CODE EXPERIENCE 

2 Yrs 

6W2Yb 

1 Yrs 

3 Yn 

4 Y« 


CODE ORIGIN 


Inhousc 

AcqOCIVA fl) 

Acq(PARC) 

Inhouse 


VECTORIZATION 

No 

1 

Yes 




Survey Date : October, 1990 (Except **) 



TABLE 2. ABBREVIATIONS 


COORDINATES 

CART.CYUN.SPHER30DY FIT 


Can.CyLSpfe3dyFit 

TIME PROBLEM 

STEADY/UNSTEADY 


Stdy.Uostdy 

TYPE OF FLOW 

INYISCffWISOD 

Inrj»dd.Vitrid(I Jmtnr/nntckxtt) 

bma,Vts(L/D 


!Knr»MPBR«mt p/mMPPFSSTPT 

T p Ll LfT _i_ | | j 

Inanp,Cmp(Sb/rr/Sp/Hp) 

ConsvNccnsv 

EQUATIONS 

CONSERV/NONCONSERV FORM 



MOMENTUM/ENERGY/SPECIES 

N-SQncanpA^anpXPNS^uler// EocrgyCMax. Numbs of sped es) 

N^ancmpASnpW*NSAVYe*(9) 


MULTI PHASES TRACKING 

tfoLRnlPtiLI 

E-EJ-LSut 


EQUATION OF STATE 

IdetUleal G**(Cr«bki/Equ*uoo) 

LG..R.G.(Tibl/Eqn) 


TRANSPORT PROPERTIES 

T«bte3qu*iian 

TablJEqn 

PHYSICAL PROCESS 

TURBULENCE MODELING 

Z«ro(Mlxmg Length/Baldwt»-Lamax),l -BQ.2-BQ(K-l,KEHigh, 

MhtL3-LKK*UCeH. 



JKBLow.ctc,),I JBS,PDF.Algebrtic Stress Model .Reynolds Stress Modd 

KeLLESJWASMJlSM 


ATOMIZATION MODEL 

I>op SizcCAssumed/CalculatedXVartidty.Othari 

AsamdjCalcu.Vorti 


VAPORIZATION MODEL 

DrepktCStexks/Muhi) Aiikil Re»i^Stib«ank^Supersomc) 

Drplet(S/MXCrit(SutVSup) 


CHEMISTRY MODEL 

ElwtWi 

No.EQ.FR 


RADIATION MODEL 

Stso Source; Flsme,WtlLetc. 

Flame.Wall 

ROCKET PROPELLANT 

TYPE 

024&3ydnxaxbonJfyperfoUc^ 

H2/02HC/02 


PHASES(FUELOX) 

SinglaJWo Phise(GagJJquM3oUd) 

Sngl,Two(G/G,G/LS/G) 

DISCRETIZATION 

FDM/FVM/FEM/SPECTRAL/ETC 

Finite Differepcojinitc Vohane^Rnite BfemmLSpcrral Method 

FDMFVMJEM.SP 

NUMERICAL SCHEME 

DDFF. ACCURACY :TIME/5PATIAL 

Order of Approx. - TLme(l st^nd)£patiil(liiJn<LHigher) 

T(lst)^S(2nd) 


MULTI STEP/FACTORIZATION 

Muldatep Method/Y «»N oyFac»rtt*tian(Ye»A o) 

MS(Y esNo)/FACT( YesNo) 


EXPLICIT 

Lcxpfh3g/DuFcrt-Fr«nk,d,I^x-WcrKlroff.MiCflnn«cfc»Hopreotcfa^*c. 

L/D-F,L-W,MiC.Hop.etc. 


IMPLICIT 

MaCorraackJciin-Winning3iil€y-McDooald,ctc. 

MaC3-W3-McD 


OTHERS 

Qrsnk-NicoiscnADI,TVDALE/ICE-ALE4%u Correa Trwapart.T«ylor-C*lerki 

C-NADLTVDALEJ=Cr.Tay-Gal 



SIMPLEVISO’vSOIA-VOF/ac. 

SIMP.PISO.SOLA 


VARIABLES BASED 

Presnm BaeedDcnsity Based, Otfaas 

P-VJ>V,Other» 


MULTIGRID CAPABILITY 

Yet/No 

Yea/No 

MATRIX SOLVER 

DIRECT METHOD 

TDMAJMockTDMA^mr Vector Prap^etc 

TMDAJBTMDAJiVP 


ITERATIVE METHOD 

Uae It*. l Gains-£eidel£OR f CapjugBie Orediem /Residue Methodic. 

Itcr.G-S.SOR 

GRID 

SEPARATE (NAME) 

EAOLE.ORID.Grid Gcncroion Pic.kige.rtr. 

EACLE.GRID.GGP.etc. 


INTERNAL 

Sttgg/Noo-Stagg.Ortbo/Nao^)rtho^tnictAMstnicLAdiptive Grids/Multi Zone 

Stgg/Nstgg,Ort/NorthoAdp>lliZ 


TECHNIC USED 

FEMAlgcbr«kX)iffereniiil Eq'n 

FEMAlgbrJXfT 

BOUNDARY CONDITTOI 

INLET/WALL BOUNDARY 

Inlet: Omsunx,Thne Varying; Will: No sli{v5lip,Suiianiry/Moving, 

Con.TVar.Slp/Nslp.Mv/FiA 



AdUbajc4sotberm,CansL Fhu^Smoath/Rough Surfice^tc. 

AdUbJsothJlux^urflS/R) 



Droplet will intereaiaa(Adben^BounctA)tben) 

Adh3ounce 

PROGRAM CAPABILITY 

INCOMPRESSIBLE FLOWS 

Specify Reynoldi Na Ringes 

1.0E2 -1.0E8 

(Experienced) 

COMPRESSIBLE FLOWS 

Specify Mach No. Ranges 

0tl-30 


INTERNAL FLOW 

ScpgilingJtecircuUtingjCavity Flows.etc. 

Scpar.Rectrc.Cavity 



Combustion dumber .Nozzle 

ChmbrNozz 


INJECTION 

Ehxnettt-CoaxiaVImpiiigemett. Process-Atomi»ition/Muting/Viporiiiti« 

Coaxjmpinge 


PERFORMANCE PREDICTION 

Throat Chamber ThrusUap, Thermodynamic Properties .Dynamic* Properties 

ThrusUsp.ThernuDyn prop 


MISC. 

Other thin Thrust Chamber 


CODE VALIDATION 

UNIQUE/PUBLISHED CASES 

Number of Unique Cues Solved(Include benchmark ca*s)/No. of Publications 

30/7 


THRUST CHAMBER RELATED 
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